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ABSTRACT 


This  report  describes  measurements  and  theoretical  develop¬ 
ments  on  the  far  sidelobe  or  backlobe  region  of  three  basic  antenna 
types;  the  horn  antenna,  the  parabolic  reflector  antenna,  and  the 
Luneberg  lens  antehna.  The  application  is  for  RFI  reduction  with 
emphasis  on  the  use  of  radar  absorber  materials, 

A  technique  for  design  of  nulls  in  the  Fresnel  Zone  of  an  aperture 
antenna, is  described  and  numerical  examples  represented.  This 
technique  has  potential  RFI  application. 


PUBLICATION  REVIEW 


This  report  has  been  reviewed  and  is  approved. 


Approved:  , 

m 


EDWARD  N.  MUNZER 

Chief,  Electronic  Warfare  Laboratory 
Directorate  of  Intelligence  &  Electronic  Warfare 


Approved: 


ROBERT  J.  iuiNN,  JR.'^  Col,  USAF 
Director  on  Intelligence  &  Electronic  Warfare 


TABLE  OF  CONTENTS 


I.  INTRODUCTION 

n.  HORN  ANTENNA 

III.  REFLECTOR  TYPE  ANTENNAS 

IV.  LENS  ANTENNAS 

V.  FRESNEL  ZONE  NULLS 

VI.  CONCLUSIONS 


BIBLIOGRAPHY 


I.  INTRODUCTION 


This  paper  describes  measurements  and  theoretical  developments 
on  the  far  sidelobe  or  backlobe  region  of  three  basic  antenna  types: 
the  horn  antenna,  the  parabolic  reflector  antenna,  and  the  Luneberg  lens 
antenna.  The  purpose  is  for  RFI  reduction  with  emphasis  on  the  use  of 
absorber  materials.  RFI  research  on  the  radiation  patterns  of  antennas 
has  been  concerned  with  the  study  of  sidelobes  of  the  aperture  radiation.® 
The  radiation  region  outside  line-of-sight  of  the  aperture  proper  is 
usually  large  in  extent  and  is  an  important  region  as  far  as  RFI  is  con¬ 
cerned.  Furthermore,,  the  aperture  radiation  usually  describes  the 
radiation  only  in  the  vicinity  of  the  main  beam  and  the  first  few  side- 
lobes.  Outside  this  region,  direct-  feed  radiation  and  energy  diffracted 
at  the  aperture  edges  are  the  dominant  components  . 

The  fact  that  the  latter  two  regions  are  more  important  with  regard 
to  antenna  temperature  and  RFI  is  particularly  true  when  space  communi¬ 
cations  antennas  and  radar  antennas  are  considered  whose  main  beams 
are  often  directed  skywards.  Then  little  interference  is  obtained  due  to 
the  pattern  of  the  aperture  proper  but  rrmch  greater  interference  will 
be  noted  because  of  such  non-aperture  radiation. 

The  radiation  in  the  edge  diffraction  region  is  most  readily  treated 
by  the  geometrical  theory  of  diffraction.  This  theoretical  method  is 
employed  to  analyze  the  backlobe  radiation  of  the  horn  and  the  parabola. 
Optimum  parabolic  antenna  design  is  considered  from  the  viewpoint  of 
RFI  reduction.  Significant  backlobe  reduction  by  application  of  a  limited 
amount  of  radar  absorber  material  is  experimentally  demonstrated. 

Another  method  for  backlobe  reduction  is  the  use  of  small  flanges  around 
the  aperture  edges.  This  method  which  demonstrates  significant  back¬ 
lobe  reduction  is  a  wide  band,  low  noise  technique. 

The  source  of  backlobes  in  the  Luneberg  lens  antenna  is  demonstrated 
and  significant  backlobe  reduction  is  achieved  with  application  of  absorber 
material.  A  technique  for  design  of  nulls  in  Fresnel  zone  of  ah  aperture 
antenna  is  described  and  numerical  examples  presented.  This  technique 
has  potential  RFI  application.. 

Yet  another  significant  undesired  type  of  radiation  occurs  in  the 
case  of  reflector  antennas  such  as  the  parabola.  This  is  the  direct 
radiation  from  the  feed  which  is  never  intercepted  by  the  reflecting 
surface.  This  type  of  radiation  can  be  reduced  by  one  of  two  methods. 

(a)  appropriate  design  of  the  feed  or  (b)  by  directly  intercepting  this 
energy  by  use  of  absorbing  material  placed  outside  the  antenna  proper. 
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This  first  method  has  been  considered  briefly  by  Caldecott  et  al^  and  it 
is  noted  that  this  radiation  is  down  45  db  below  the  main  beam  for  angles 
greater  than  30°.  It  may  also  be  noted  that  the  back  lobes  are  greater 
than  60  db  down  for  angles  greater  than  90°.  This  limit  is  due  to  meas¬ 
uring  equipment  and  the  actual  backlobe  signal  is  not  known.  The  second 
method  for  direct  feed  radiation  reduction  is  essentially  a  brute  force 
technique  and  is  given  the  name  of  the  tunnel  antenna.  This  approach 
has  been  considered  at  Air  Force  Cambridge  and  Melpar^  and  has  not 
given  significantly  better  results.  The  reason  that  full  advantage  of  the 
absorber  has  not  been  obtained  in  these  regions  is  probably  due  to  edge 
diffraction  that  occurs.  It  should  also  be  noted  that  the  unwieldy  tunnel 
antenna  is  certainly  not  applicable  for  the  case  of  very  large  antennas 
that  are  becoming  more  dominant  in  present  day  technology.  It  should 
also  be  noted  that  the  reduction  of  this  tunnel  concept  could  be  significantly 
iniproved  by  applying  some  of  the  techniques  discussed  in  this  paper. 

Some  new  as  yet  untried  methods  for  reducing  this  undesired  direct 
radiation  are  suggested. 


II.  HORN  ANTENNA 

In  the  waveguide -fed  rectangular  horn  antenna,  energy  is  propagated 
substantially  in  the  TE^jj  waveguide  mode  from  the  horn  throat  to  the  aper¬ 
ture.  Some  higher  mode  conversion  takes  place  and  currents  are  excited 
on  the  outer  surface  of  the  horn.  The  aperture  radiation  in  the  E-plane 
and  in  the  H-plane  are  substantially  independent  of  each  other.*  With 
negligible  mode  conversion,  the  amplitude  of  the  aperture  distribution 
in  the  H-plane  is  nearly  sinusoidal  whereas  it  is  nearly  uniform  in  the 
E-plane.  The  aperture  phase  distribution  can  be  determined  by  assuming 
a  phase  center  at  the  horn  throat  with  the  electrical  path  length  from 
the  phase  center  to  any  point  on  the  aperture  determining  the  phase  at 
that  point,  resulting  in  a  quadratic  phase  distribution.  Maximum  di¬ 
rectivity  is  obtained  from  a  uniform  phase  distribution,  requiring  a 
very  long  horn  with  a  small  flare  angle.  An  optimum  horn  design  which 
gives  a  practical  length  without  large  phase  error  has  been  defined  in 
Ref.  4.  The  E-plane  and  H-plane  patterns  can  be  calculated  from  the 
resultant  aperture  distribution.  However,  this  method  does  not  account 
for  mode  conversion  and  outside  surface  currents. 

The  backlobe  radiation  which  is  determined  by  the  outside  surface 
currents  can  be  treated  in  terms  of  edge  diffraction  by  means  of  the 
geometrical  theory  of  diffraction.®  By  this  method  the  diffraction  from 
each  point  on  the  aperture  edge  is  assumed  to  be  the  same  as  that  of  the 
perfectly  conducting  half  plane.  Patterns  calculated  by  the  geometrical 
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theory  of  diffraction  are  obtained  by  giiperposition  of  the  geometrical 
optics  field  and  the  edge  diffracted  field.  The  two  edges  perpendicular 
to  the  E-plane  which  will  be  denoted  E-^'dges  produce  the  diffracted 
field  whereas  the  two  edges  perpendicular  to  the  H-plane  (H-edges) 
produce  no  diffraction  because  the  diffraction  coefficient  vanishes  for 
the  H-edges.  The  E-plane  pattern  in  the  forward  hemisphere  is  ob¬ 
tained  by  superposition  of  the  geometrical  optics  rays  with  the  geometri¬ 
cal  diffracted  rays  from  the  two  E-edges.  The  geometrical  optics  field 
in  the  E-plane  is  simply  constant  over  the  region  of  the  included  horn 
angle  and  vanishes  outside  this  region  as  can  be  ascertained  from  the 
aperture  distribution.  The  superposition  of  the  geometrical  diffracted 
rays  on  the  geometrical  optics  rays  produces  the  ripples  in  the  main 
beam  and  the  sidelobes  outside  the  main  beam.  In  the  rear  hemisphere 
the  field  is  obtained  from  the  geometrical  diffracted  rays  alone,  as  it 
is  outside  the  main  beam  in.  the  forward  hemisphere,  although  one  edge 
is  shielded  by  the  horn  structure  over  part  of  the  backlobe  regioi*  as 
shown  in  Fig.  1.  Lobing  caused  by  interference  between  the  two  edges 
is  evident  in  part  of  the  backlobe  region  whereas  the  pattern  is  relatively 
smooth  in  the  region  where  shielding  of  one  edge  occurs. 

The  geometrical  diffracted  rays  from  the  E-edges  also  contribute 
to  the  geometrical  optics  rays  in  planes  other  than  the  E-plane  as 
illustrated  in  Fig.  2;  they  contribute  in  the  conical  sectors  with  cone 
angle  equal  to  the  horn  angle.  Thus  the  geometrical  diffracted  field 
contributes  to  the  ^'ometrical  optics  field  in  the  H-plane  over  the  main 
beam  region  and  produces  the  backlobes  over  the  equal-angle  sector 
about  the  180°  axiSi  The  geometrical  optics  field  in  the  H-plane  is 
sinusoidal  over  the  included  horn  angle  and  vanishes  outside.  Hence 
this  method  predicts  zero  field  outside  these  two  sectors  of  the  H-plane. 

For  experimental  purposes  a  pyramidal  X-band  horn  1  Scinches 
in  length  with  a  9"  ^  9"  aperture  was  employed.  The  measured  antenna 
patterns  which  are  shown  in  Fig.  3  have  the  general  characteristics 
predicted  by  previously  discussed  methods. 

The  application  of  absorber  to  the  E-edges  as  shown  in  Fig.  3a 
gives  great  reduction  of  the  backlobes  in  the  E-plane  pattern  and  of 
the  180°  lobe  in  the  H-plane  pattern  as  shown  in  Fig.  3b.  Shielding  of 
the  H-edges  has  no  significant  effect  on  the  pattern  in  either  plane. 

The  diffraction  at  the  E- edges  is  greatly  dependent  on  the  edge 
thickness:  the  magnitude  of  backlobe  energy  decreases' rapidly  with 
increasing  edge  thickness.  Two  |^inch  flanges  were  added  to  the 
E-edges  of  the  experimental  horn  so  as  to  increase  the  edge  thickness 
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from  5/64  inch  to  l/z  inch.  The  reduction  of  edge  diffraction  is  evident 
in  Fig.  3a  and  amounts  to  10  db  over  180  degrees  of  aspect.  It  should 
be  noted  that  this  type  of  reduction  should  be  relatively  insensitive  with 
respect  to  frequency  and  the  concept  could  be  enhanced  by  the  introduc¬ 
tion  of  additional  edges.  Further  reduction  could  also  be  obtained  by 
application  of  absorber. 

It  is  recommended  that  further  studies  of  the  horn  and  diffraction 
by  such  edges  be  conducted  to  determine  optimum  edge  configurations. 
These  studies  should  yield  results  applicable  not  only  to  the  horn  but  to 
other  antennas  as  is  demonstrated  in  the  following,  by  application  to  the 
parabola. 

in.  REFLECTOR  T  /PE  ANTENNAS 

The  radiation  from  a  reflector  antenna  can  be  characterized  by 
three  regions  as  illustrated  in.  Fig.  4.  The  desired  radiation  which  we 
shall  define  as  the  aperture  radiation  consists  of  the  main  beam  and  its 
side  lobes.  Control  of  these  side  lobes  is  accomplished  by  means  of 
controlling  the  aperture  distribution.  It  may  be  noted  that  this  control 
is  limited  for  very  large  antennas  by  construction  tolerances.  If  the 
antenna  construction  is  not  sufficiently  accurate,  phase  errors  are 
introduced  which  lead  to  greatly  increased  side  lobes.  The  tolerance 
requirements  have  been  discussed  by  Jacobs.  A  survey  of  some 
characteristics  of  reflector  antennas  has  been  given  by  Truske.  ^ 

We  define  the  second  type  of  radiation  as  direct  radiation  and 
is  due  to  the  energy  radiated  by  the  feed  antenna  which  is  not  inter¬ 
cepted  by  the  reflecting  surface.  This  is  an  undesired  type  of  radiation. 
Direct  radiation  can  be  reduced  by  feed  antenna  design  or  by  direct 
interception  of  this  energy  in  some  manner  which  usually  results  in 
large  unwieldy  structures.  The  third  type  is  also  undesired  and  we 
define  it  as  edge  diffracted  radiation.  In  this  case  the  feed  illuminates 
an  edge  of  the  reflector  which  then  diffracts  this  energy  throughout 
space  in  a  manner  similar  to  the  horn  discussed  previously.  These 
three  regions  are  illustrated  in  Fig.  4  for  the  paraboloidal  reflector 
antenna  which  has  been  chosen  as  a  special  case  of  this  more  general 
class  of  antennas. 
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The  desired  aperture  radiation  is  basically  controlled  by  the 
reflector  size,  the  ratio  of  focal  length  to  reflector  diameter  (f/d), 
and  the  feed  pattern.  These  parameters  determine  the  aperture  distri¬ 
bution  which,  in  turn,  controls  the  tradeoff  between  gain  and  sidelobe 
level.  The  sidelobe  level  and  the  gain  both  decrease  with  increasing 
center  to  edge  aperture  taper.  Aperture  radiation  has  been  extensively 
studied. 

The  direct  feed  radiation  is  the  dominant  component  in  the  spill¬ 
over  region  where  the  reflector  does  hot  intercept  the  feed  radiation 
and  the  sidelobes  of  the  aperture  radiation  are  low  relative  to  the  feed 
radiation.  In  a  reflector  of  large  f/d,  the  direct  feed  radiation  can 
be  maintained  at  a  low  magnitude  with  a  narrow  feed  pattern,  resulting 
in  a  high  center  to  edge  aperture  taper.  If  a  small  center  to  edge 
taper  is  desired,  then  maintaining  low  direct  feed  radiation  requires 
a  large  feed  in  order  to  obtain  a  steep  slope  in  the  feed  pattern  in  the 
direction  of  the  reflector  rim.  The  large  feed  requirement  results  in 
high  aperture  blocking  by  the  feed  which  is  usually  accompanied  by 
increase  in  sidelobes,  particularly  in  small  reflector  sizes.  However, 
in  reflectors  of  small  f/d,  a  small  center  to  edge  taper  can  be  main¬ 
tained  with  low  direct  feed  radiation  even  with  small  feeds.  Actually, 
there  is  an  optimum  F/D  for  a  given  reflector  diameter  which  allows 
minimum  feed  size.  The  relationships  between  the  incident  and  reflected 
energy  at  the  rim  are  shown  in  Fig.  5.  For  a  given  slope  in  the  feed 
pattern  at  the  rim,  minimum  direct  feed  radiation  occurs  for  a  maxi¬ 
mum  value  of  d(2a)/ds  where  ds  is  an  incremental  arc  length  along 
the  reflector.  Since  a  is  given  by 


(1) 
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sin  a  cos^  a  . 


The  quantity  (-sin  a  cos^  a)  is  plotted  in  Fig.  6  where  the  maximum 
value  occurs  at  a  —  -35  .  Thus  the  optimum  value  of  F/D  which  gives 

minimum  direct  feed  radiation  for  a  fixed  feed  pattern  slope  in  the  rim 
direction  is  obtained  from  Eq.  (1)  as  0.  353. 
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The  third  radiation  region  which  is  denoted  edge  diffraction  cor¬ 
responds  to  the  energy  which  is  diffracted  around  the  reflector  rim. 
The  magnitude  of  edge  diffraction  is  proportional  to  the  feed  radiation 
incident  at  the  reflector  rim.  Thus.,  if  in  reduction  of  direct  radiation 
the  incident  energy  in  the  rirh  direction  is  reduced,  edge  diffraction  is 
also  reduced.  Usually  the  reflector  diameter  and  the  center  to  edge 
taper  are  first  specified.  Hence,  the  relationship  between  the  incident 
energy  at  the  edge  and  at  the  center  are  shown  in  Fig.  7  for  a  fixed 
aperture  taper  and  fixed  reflector  diameter.  For  a  center  to  edge 
aperture  taper  T  and  a  feed  voltage  pattern  A(6)  the  incident  field 
intensity  at  the  reflector  is  given  by  A(0)/F  in  the  on-axis  direction 
and  by  A(0)/FT  in  the  rim  direction.  By  the  geometrical  theory. of 
diffraction,  the  diffracted  ray  (measured  in  field  intensity)  in  the  back- 
lobe  direction  (180°)  is  given  by 


(3) 


K.A(O) 

FT 


CSC  ?,a  (esc  a  + 


1) 


-CSC  2.a  (csc  a  +  1) 


where  the  +  sign  applies  to  polarization  parallel  to  the  edge,  -  sign  to 
perpendicular  polarization  and 

proportionality  constants 

Ztt 

\  * 

The  quantities  J  -  csc  2a  (esc  a  _+  1)  are  plotted  in  Fig.  8  in  which  a 
minimum  occurs  at  a  =  -  55  for  perpendicular  polarization  and 
a  =-90°  for  parallel  polarization.  Thus  the  optimum  F/D  for  minimum 
backlobe  radiation  (perpendicular  polarization)  is  given  by  0.172  under 
the  assumptions  of  constant  reflector  diameter  and  constant  center  to 
edge  taper. 

Actually  this  optimum  F/D  does  not  take  into  account  the  slope  of 
the  feed  pattern  at  the  rim.  As  previously  described,  the  optimum 
F/D  for  minimum  direct  feed  radiation  occurs  for  ^  maximum  value 
of  d(2a)/ds.  Since  the  backlobe  radiation  is  proportional  to  the  rim- 
directed  feed  radiation,  the  viewpoint  can  be  taken  that  minimum  back¬ 
lobe  radiation  occurs  for  minimum  direct  feed  radiation.  Since  the 
optimum  F/D  under  these  two  criteria  are  not  the  same,  the  true  opti¬ 
mum  for  minimum  edge  diffraction  is  intermediate  to  these  two  values. 
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The  fact  that  the  optimum  F/D  for  minimum  backlobe  radiation  lies 
between  0.172.  and  0.  353  demonstrates  the  reason  that  very  low  noise 
temperatures  have  been  measured  in  parabolic  reflector  antennas  with 
small  F/D.'' 

The  behavior  of  the  three  radiation  regions  as  a  function  of  reflector 
size  can  be  evaluated  by  maintaining  constant  F/D  and  hence  constant  a, 
and  identical  feed  pattern.  This  situation  is  illustrated  in  Fig.  9  in  which 
it  is  evident  that  the  relative  aperture  illumination  (field  intensity)  remains 
the  same  although  it  is  proportional  to  1  /.D  for  equal  total  energy.  Under 
these  assumptions,  the  on-axis  power  density  or  antenna  gain  above  iso¬ 
tropic  is  proportional  to  the  aperture  area.  Each  sidelobe  maximum  is 
also  proportional  to  the  aperture  area  and  thus  the  ratio  of  a  sidelobe 
maximum  to  the  pattern  maximum  is  equal  to  the  ratio  of  the  corresponding 
sidelobe  maximum  of  the  other  pattern  to  its  pattern  maximum.  However, 
the  corresponding  sidelobes  are  not  coincident  in  direction  and  the  absolute 
level  of  the  sidelobe  maxima  are  nearly  equal  in  any  given  direction.  This 
means  that  although  the  relative  magnitude  of  the  corresponding  sidelobes 
remain  the  same  as  the  aperture  size  is  increased,  the  sidelobes  move 
closer  to  the  main  beam,  resulting  in  approximately  eqtial  absolute  side¬ 
lobe.  power  in  a  given  direction  as  shown  in  Fig,  10.  This  effect  can  easily 
be  shown  for  a  uniformly  Illuminated  square  aperture  in  which  the  absolute 
field  intensity  for  a  constant  input  power  is  given  by 


(4) 


E(e,0)  = 

k  sin  0 


The  pattern  maximum  is  given  by 


(5)  E(0.,0)=a 

and  the  sidelobe  maxima  are  given  by 


(6) 


^(®m>  0  )  “ 


2 

k  sin  9 


i 

TT  si  »  9 


The  direct  feed  radiation  remains  the  same  because  identical  feed 
patterns  and  F/D  are  used.  The  edge-diffracted  radiation  is  shown  in 
Fig.  9  in  which  the  backlobe  level  is  given  by 
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(7) 


KA(2a) 


(esc  a  +  1 ). 


kP 

2 


CSC  2a 


Thus  the  edge  diffraction  power  density  is  proportional  to  1/D.  The 
expression  of  Eq.  (7)  assumes  that  the  edge  thickness  is  very  thin  compared 
to  a  wavelength  but  the  comparison  is  valid  for  a  constant  edge  thickness. 
However  as  the  reflector  diameter  increases,  the  edge  thickness  tends  to 
increase. 


In  summary,  the  behavior  of  the  three  radiation  regions  is  as  follows: 
Relative  to  the  pattern  maximum  the  power  level  in  the  edge  diffraction 
region  is  proportional  to  1/D^  whereas  the  power  levels  in  the  sidelobe 
and  direct  feed  radiation  regions  is  proportional  to  1/D^  . 

Since  the  effect  of  reflector  size  on  the  radiation  regions  of  a  parabolic 
reflector  antenna  has  been  described  above,  a  small  reflector  antenna  can 
be  employed  for  experimental  purposes  and  the  results  extrapolated.  A 
14  inch  diameter  reflector  with  a  focal  length  of  3  inches  was  chpsen  for 
use  at  X  band. 

Two  of  the  feeds  employed  were  the  waveguide  double-dipole  feed  as 
described  by  Silver*  and  an  open-ended  X  band  waveguide  feed  with  a  3 
inch  diameter  circular  flange;,  the  corresponding  feed  patterns  are  shown 
in  Fig.  11.  The  lower  backlobe  and  direct  feed  radiation  with  use  of  the 
flange  feed  is  evident  from  the  antenna  patterns  of  Fig.  12.  It  is  also  noted 
that  the  flange  feed  pattern  is  symmetrical  in  the  E  and  H  planes. 

The  use  of  absorber  material  to  reduce  edge  diffraction  was  measured 
for  several  absorber  configurations.  By  examination  of  the  edge  diffraction 
coefficients  for  the  two  polarizations,  perpendicular  and  parallel  to  the 
edge,  it  is  apparent  that  little  edge  diffraction  occurs  in  the  H  plane,  which 
is  confirmed  by  measurements.  With  the  14  inch  reflector  and  flange  feed, 
significant  reduction  of  backlobe  radiation  in  the  E  plane  (10  db  over  100 
degrees)  is  shown  in  Fig.  13  for  absorber  placed  around  the  entire  relector 
rim.  The  fact  that  the  portion  of  the  rim  perpendicular  to  the  E  plane 
produces  most  of  the  edge  diffraction  is  also  illustrated  in  Fig.  13.  For 
a  limited  amount  of  absorber  placed  over  this  portion  of  the  rim,  the 
backlobe  reduction  is  nearly  as  great  as  with  the  full  use  of  absorber. 

It  should  be  noted  that  direct  feed  radiation  can  be  significantly 
reduced  by  placing  a  reflecting  array  at  the  direction  in  which  reduction 
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is  desired.  The  closer  the  array  is  placed  to  the  feed  antenna  the  more 
reduction  is  obtained.  One  such  experiment  yielded  a  reduction  of  8  db 
over  60  degrees.  Similar  reduction  has  been  obtained  by  placing  a  shield 
over  the  feed  but  these  methods  are  extremely  makeshift  and  usually  in¬ 
troduce  aperture  blocking  and  thus  increased  side  lobes  for  the  aperture 
radiation.  A  better  approach  should  be  concerned  with  the  feed  design 
itself.  In  particular,  methods  of  obtaining  the  desired  feed  pattern  with¬ 
out  introducing  aperture  blocking  are  needed.  This  certainly  sounds 
contradictory  since  a  more  controlled  pattern  requires,  a  larger  feed 
antenna. 

However,  a  proposed  technique  for  such  feed  design  is  illustrated 
in  Fig.  14.  This  technique  consists  of  the  use  of  a  surface  wave  structure 
which  is  placed  in  the  antenna  aperture  so  as  to  align  with  the;  feed.  Any 
direct  feed  radiation  should  be  entrapped  by  the  surface  wave  structure 
and  propagated  outside  the  reflector  rim  where  it  can  be  absorbed  or  re¬ 
directed.  Since  the  direct  feed  radiation  which  illuminates  the  edge 
should  also  be  entrapped,  reduction  of  backlobes  should  be  achieved.  In 
one  approach  a  dielectric  sheet  structure  of  X/4  design  would  be  used  so 
that  the  energy  reflected  from  the  reflector  could  be  transmitted  with 
negligible  attenuation  and  reflection.  Any  effect  of  reflections  from  the 
sheet  would  simply  be  eliminated  by  antenna  tuning.  A  second  approach 
would  be  a  sheet  of  thin  space  cloth  so  that  negligible  effect  would  be 
produced  on  the  reflected  energy  because  of  its  normal  incidence.  The 
direct  feed  radiation  has  a  highly  oblique  incidence  and  the  resultant 
greater  path  length  in  the  absorber  should  produce  high  attenuation  of 
this  component. 

In  conclusion,  great  reduction  of  backlobes  has  been  demonstrated 
with  the  use  of  a  limited  amount  of  absorber  material.  A  flange  technique 
has  also  demonstrated  great  backlobe  reduction. 

'It  is  recommended  that  the  edge  diffraction  study  of  the  parabolic 
antenna  continue  and  that  possible  optimum  edge  configurations  be 
developed  for  use  in  low  noise  applications  as  well  as  in  RFI  reduction. 
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IV .  LENS  ANTENNAS 


Many  antennas  depend  on  lens  action  to  obtain  the  aperture 
distribution  and  as  we  have  defined  it  -  the  desired  aperture  radiation. 
This  would  appear  to  be  a  rather  simple  problem  to  reduce  the  various 
types  of  undesired  radiation  for  RFI  purposes  since  the  feed  is  outside 
the  region  in  which  the  desired  radiation  propagates,  no  aperture  blocking 
appears.  Thus  it  would  appear  that  relatively  simple  methods  would 
make  it  possible  to  eliminate  all  of  the  undesired  radiation.  However 
the  lens  structure  usually  contains  discontinuities  which  drastically 
upsets  this  simple  picture.  An  example  is  the  Luneberg  lens. 

In  the  most  common  Luneberg  lens  the  energy  from  a  feed  on  the 
lens  rim  is  focussed  into  a  collimated  beam  by  refraction  of  energy 
within  the  lens  as  shown  in  Fig.  15.  The  lens  action  is  accomplished  with 
a  dielectric  variation  given  by 


(8)  e(r)  =  2-r^  ,  0  <  r  <  1 

which  is  a  function  only  of  radius.  Since  the  lens  is  circularly  symmetric, 
the  beam  can  be  scanned  by  feed  movement  alone  or  multiple  beams  can 
be  obtained  by  use  of  multiple  feeds.  In  the  ideal  lens  the  backlobe  radi¬ 
ation  would  be  entirely  caused  by  the  feed.  Thus  the  backlobe  radiation 
could  be  decreased  by  reduction  of  the  feed  backlobes,  e.g.,  by  use  of 
techniques  described  in  Section  II  on  the  horn  antenna.  Thus,  ideally, 
the  backlobes  of  a  large  Luneberg  lens  antenna  could  be  easily  reduced. 
However,  in  the  practical  construction  of  a  Luneberg  lens  the  dielectric 
variation  is  usually  achieved  by  use  of  many  concentric  uniform  shells; 
each  shell  has  a  dielectric  constant  corresponding  to  its  mean  radius. 

A  contribution  to  the  backlobe  radiation  is  made  by  scattering  from  the 
shell  interfaces.  The  antenna  patterns  for  an  18 -inch  diameter  com¬ 
mercial  lens  at  f  =  10  gc  are  shown  in  Fig.  16.  This  lens  has  24  shells 
with  a  typical  shell  thickness  of  1/2  inch  with  some  thicknesses  as  low 
as  1/10  inch.  The  feed  employed  was  an  open  ended  X  band  waveguide 
flared  in  the  E -plane  to  give  a  3/4"  X  1"  aperture.  For  this  configuration, 
the  backlobe  contributions  from  the  feed  and  the  shell  interfaces  are 
about  equal.  Reduction  of  the  feed  backlobes  by  shielding  the  feed  with 
absorber  gives  a  slight  backlobe  reduction  as  shown  in  Fig.  16. 

Shielding  the  entire  rear  hemisphere  of  the  lens  gives  the  reduction 
also  shown  in  Fig.  16. 

An  understanding  of  the  backlobe  contribution  from  the  shell  in¬ 
terfaces  can  be  obtained  by  calculation  of  the  contribution  from  each  shell. 
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The  scattering  from  the  interface,  farthest  from  the  feed,  of  a  given 
shell  will  be  assumed  to  be  the  same  as  that  of  a  homogeneous  dielectric 
sphere  having  the  same  dielectric  constant  as  the  shell  and  which  is 
embedded  in  a  dielectric  medium  with  dielectric  constant  equal  to  that 
of  the  outer  adjacent  shell.  This  component  of  the  scattered  power  from 
the  ith  shell  (where  the  shells  are  numbered  with  increasing  radius)  is 
then  approximated  by 


(9)  P'sc  =  kj:  TT  a^ 

where 


a^  =  shell  outer  radius 


k  =  "  n 

1 

^i  +  1 

and  Ej:  is  obtained  from  Eq.  (8)  with 


(10) 


—  (a.  +  a  ) 
2.  ^ 


The  assumption  that  the  incident  energy  is  a  plane  wave  within  the  lens 
is  not  good  for  the  interfaces  nearest  the  feed  because  the  back  surfaces 
of  the  lens  is  not  the  far  field  of  the  feed  antenna.  The  power  from  an 
interface  nearest  the  feed  can  be  expressed  as 


(11)  psc  =C.Trkj.a^ 

where  the  value  of  would  not  vary  greatly  from  unity.  Summation  of 
the  contribution  from  each  shell  under  the  assumption  that  the  contri¬ 
butions  add  incoherently  gives  the  total  power  scattered  from  the-  shell 
interfaces  as 


N 


(12) 


Psc  =  ^  kjira^  (1  +  C.)  . 


i  =  l 
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The  absolute  gain  level  of  the  scattered  power  is  given  by 


(13) 


sc 


Psc 


p. 

1 


where  P.  is  incident  power  intercepted  by  the  lens.  For  an  incident 
plane  wave  of  unit  power  density  the  incident  power  is  equal  to  the 
effective  lens  aperture  or 


(14)  P.  A  =  ira^  , 

The  gain  of  the  beam  maximum  is 


(15) 


Thus  the  relative  backlobe  radiation  is  given  by 


(16) 


Gsc 

G 


N 


i=l 


k.a.^  (1  +  C  )  , 
1  ^  i 


The  magnitude  of  Eq.  (16)  was  calculated  for  the  lens  of  Fig.  16  by  using 
the  measured  shell  radii.  For  =  0,  the  calculation  gave  Gg^/G=  - 
43jdb.  Since  a  reasonable  mean  value  for  would  be  approximately 
unity,  then  Ggc/G  would  be  about  3  db  above  the  -43j  db  level,  giving 
a  value,  of  Ggj,/G  of  about  -40  db. 

Lens  antennas  in  general  and  the  Luneberg  lens  in  particular  then 
do  not  lend  themselves  to  reduced  undersired  radiation  or  to  RFI  re¬ 
duction  of  this  nature.  This  is  because  of  the  discontinuities  in  the  lens 
structure. 


/A- 


V 


12 


V,  FRESNEL  ZONE  NULLS 


In  the  Fresnel  region  of  an  antenna  the  usual  characteristic  side- 
lobes  have  not  yet  been  formed.  However,  deep  minima  can  appear  in 
this  region  due  to  apeture  blocking.  For  example,  they  could  be  in¬ 
troduced  in  the  Fresnel  zone  pattern  of  a  parabolic  antenna  by  feed 
blocking  or  by  application  of  absorber  material.  This  type  of  minima 
might  be  used  for  RFI  reduction.  In  particular,  if  a  ls.rge  stationary 
antenna  is  to  be  used  as  a  relay  it  might  be  desirable  to  operate  some 
other  installation  in  its  vicinity.  Thus,  if  a  null  could  be  created  in  the 
radiation  of  that  antenna  at  the  position  of  the  other  installation  than  a 
significant  interference  reduction  is  obtained. 

The  necessary  aperture  blocking  can  be  accomplished  by  application 
of  radar  absorber  material  (RAM)  to  some  small  area  in  the  antenna 
aperture.  In  this  case  the  total  fields  are  given  by 


(17)  E*  =  gRAM  gANT 

where  gANT  unperturbed  antenna  field  and  ig  field 

due  to  the  absorber.  Since  the  total  field  is  zero  at  the  absorber  then 
gRAM  negative  of  the  field  radiated  by  the  blocked  portion  of  the 

aperture.  Thus,  in  order  to  obtain  a  null  at  a  specific  location  the 
blucl^d  portion  must  be  chosen..ao  that  its  field  contribution  is  equal  to 
E'^  ,  both  fields  at  the  desired  null  location. 


The  approximate  position  and  size  of  the  blocked  portion  of  the 
aperture  can  be  obtained  as  illustrated  in  Fig,  17.  Blocking  is  to  occur 
on  an  aperture  plane  of  constant  phase.  The  approximate  position  of 
the  portion  to  be  blocked  is  obtained  by  requiring  the  electrical  path 
length  from  the  desired  null  location  to  this  aperture  plane  to  give  a 
phase  delay  equal  to  the  phase  difference  between  and  the  a,perture 

plane  phase.  The  approximate  area  of  the  blocked  portion  is  obtained 
by  assuming  a  uniform  aperture  field  in  this  vicinity  and  calculating  the 
area  required  to  produce  a  radiated  field  at  the  desired  null  location 
equal  in  magnitude  to  |  E^  |. 


In  order  to  determine  the  blocked  portion  more  precisely,  the 
aperture  is  subdivided  into  square  meshes  with  the  assumed  field  con¬ 
stant  in  each  mesh.  Then  the  magnitude  and  phase  of  the  field  at  the 
desired  null  location  is  calculated  as  contributed  by  each  mesh.  Small 
changes  in  the  size  and  position  of  the  blocked  area  can  then  be  made 
to  produce  the  desired  null. 
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As  a  numerical  example  of  this  technique  a  circular  antenna  aper” 
ture  of  diameter  16.  5X  and  having  a  (1-r^  )  aperture  distribution  was 
selected.  The  desired  null  position  is  chosen  SOX  from  the  aperture 
plane  and  12,  7X  from  the  symmetry  axis.  The  Fresnel  pattern  is  given 
in  Fig.  17.  An  estimate  of  the  blocked  aperture  portion  is  obtained  from 
the  approximate  method.  The  actual  null  produced  by  the  estimated 
block  was  calculated  by  use  of  a  computer  program.  The  minimum  is 
found  to  be  0.  78X  from  the  desired  null  location  and  it  is  not  deep  as 
illustrated  in  Fig.  18.  Precise  adjustment  of  the  blocked  portion  gives 
improved  depth  and  location  of  the  minimum  as  indicated  in  Fig,  19. 

It  should  be  noted  that  although  this  technique  will  not  appreciably 
affect  the  main  beam  the  sidelobes  may  significantly  increase. 


VI.  CONCLUSIONS 

The  radiation  patterns  of  the  horn  antenna  are  explained  by  the  use 
of  the  geometrical  theory  of  diffraction.  Only  two  of  the  four  edges 
produce  significant  edge  diffraction.  Significant  reduction  (10  db  over 
180  degrees)  of  backlobe  radiation  is  achieved  by  application  of  a  limited 
amount  of  absorber.  Significant  reduction  is  also  achieved  by  the  use 
of  small  flanges  on  the  aperture  edges.  The  flange  technique  is  wide¬ 
band  and  is  good  for  low  noise  applications ,  e.g.  ,  the  ground-based  Hogg 
horn  antenna  used  for  satellite  communications. 

An  optimum  focal  length  to  diameter  ratio  (F/D)  is  derived  for 
the  parabolic  antenna  on  the  basis  of  minimum  direct  feed  radiation. 

The  effect  of  feed  pattern  on  edge  diffraction  is  described.  An  optimum 
value  of  F/D  is  derived  for  minimum  edge  diffraction.  The  two  optimum 
values  of  F/D  indicate  a  small  F/D  is  best  with  respect  to  RFI  con¬ 
siderations.  The  effect  of  reflector  diameter  on  the  radiation  in  the 
three  radiation  regions  is  shown,  allowing  research  results  to  be 
generalized  in  terms  of  antenna  size.  Measured  results  on  an  experi¬ 
mental  model  demonstrate  the  reduction  of  the  direct  feed  radiation 
and  the  edge  diffraction  with  improvement  in  the  feed  pattern.  This 
feed  pattern  is  symmetrical  in  the  E  and  H  planes.  Use  of  the  geometri¬ 
cal  theory  of  diffraction  indicates  the  portions  of  the  reflector  rim 
which  produce  most  of  the  edge  diffraction.  Measurements  with  the 
use  of  a  limited  amount  of  absorber  material  confirm  the  theoretical 
results.  The  limited  absorber  gives  nearly  as  much  reduction  (10  db 
over  120  degrees)  as  does  the  use  of  absorber  over  the  entire  reflector 
rim. . 
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The  source  of  backlobe  radiation  of  the  Luneberg  lens  antenna  is 
demonstrated  to  be  the  structural  discontinuities  of  the  shell  type  con¬ 
struction.  The  feed  backlobes  may  also  contribute  but  they  can  be  easily 
reduced.  A  method  for  calculation  of  the  scattering  from  the  shell 
interfaces  is  presented  and  the  calculations  are  in  good  agreement  with 
measurements.  Significant  reduction  in  backlobes  was  obtained  with 
use  of  absorber  over  the  entire  rear  hemisphere  of  the  lens. 

A  technique  for  design  of  nulls  in  the  Fresnel  zone  of  an  aperture 
antenna  is  described.  Numerical  examples  of  this  technique  are  given. 
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0,  DIRECTION 


Fig.  1.  Edge  diffraction  in  E  plane  of  horn  antenna. 
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=  HORN  ANGLE 


Fig.  2.  Edge  diffraction  from  pyramidal  horn  antenna 
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Angle 

Fig-  4.'  Radiation  legions  of  parabolic  reflector  antenna. 


Fig.  5.  Angular  relationships  in  a  parabolic  reflector. 
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Backlobe  radiation  as  a  function  of  a 
(J -CSC  ZCL  (esc  a  i  1). 
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Fig.  11(a).  Feed  patterns  . 
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Fig 


Fig.  14.  Proposed  technique  for  reduction  of  direct 
feed  radiation  and  edge  diffraction. 


Fig.  15.  Luneberg  lens  antenna. 
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ig.  16.  Luneberg  lens  antenna  patt 


Phase  Magnitude  (db) 
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Fig.  18.  Fresnel  zone  pattern  with  absorber  applied 
(first  attempt). 
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Fig,  19.  Fresniel  pattern  with  absorber  applied 
(second  attempt) , 
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